Since 2004, the country of Georgia has provided antiretroviral therapy (ART) to all patients in need. A nationwide retrospective cohort study was conducted to assess the effect of universal access to ART on patterns of mortality and causes of death among HIV-infected individuals in Georgia. All known HIV-infected adult individuals (age ‡ 18 years) diagnosed from 1989 through 2012 were included. Rates and causes of death were determined using routinely collected data from the national HIV/AIDS database. Causes of death were classified according to the Coding of Death in HIV (CoDe) protocol. Between 1989 and 2012, 3,554 HIV-infected adults were registered in Georgia contributing to 13,572 person-years (PY) of follow-up. A total of 779 deaths were registered during follow-up. The mortality rate peaked in 2004 with 10.74 deaths per 100 PY (95% CI: 7.92-14.24) and significantly decreased after the universal availability of ART to 4.02 per 100 PY (95% CI: 3.28-4.87) in 2012. In multivariate analysis the strongest predictor of mortality was having AIDS at the time of HIV diagnosis (hazard ratio: 5.69, 95% CI: 4.72-6.85). AIDS-related diseases accounted for the majority of deaths (n = 426, 54.7%). Tuberculosis (TB) was the leading cause of death accounting for 21% of the total deaths reported. Universal access to ART significantly reduced mortality among HIV-infected patients in Georgia. However, overall mortality rates remain high primarily due to late diagnosis, and TB remains a significant cause of death. Improving rates of early HIV diagnosis and ART initiation may further decrease mortality as well as prevent new HIV and TB infections.
Introduction
T he rapid expansion of antiretroviral therapy (ART) in resource-limited settings has led to significant survival gains previously seen only in developed countries. [1] [2] [3] [4] Despite this decline in the number of deaths, mortality rates remain significantly higher in low-income versus high-income countries. 5 The timing of widespread ART introduction has also led to differences in the spectrum of cause-specific mortality. In settings where ART has been readily available since its introduction in the mid 1990s, HIV-infected persons are increasingly likely to die from non-HIV-related diseases, while in resourcelimited countries AIDS-related events remain the primary cause of death. 6 Georgia is a small Eastern European nation (population 4.5 million) located between Russia and Turkey with an HIV epidemic driven primarily by injection drug use (IDU). As of December 31, 2012, 3 ,642 cases of HIV infections have been registered in the national HIV/AIDS database of Georgia, including 3,554 cases among persons at least 18 years of age. The estimated adult HIV prevalence is 0.3%. 7 While antiretroviral drugs have been available in the country since the 1990s, access was limited only to those able to afford them. In 2004, through support from the Global Fund to Fight AIDS, Tuberculosis and Malaria, Georgia ensured universal access to ART for all eligible patients in accordance with existing guidelines. 8 With the widespread availability of ART, it is expected that HIV-positive persons in Georgia will live longer and, similar to industrialized countries, be at increased risk for non-AIDS-related morbidity and mortality. Therefore, monitoring causes of death can help to define priorities in the prevention and management of HIV and comorbidities. The objective of this analysis was to evaluate the effect of universal access to ART on temporal trends in mortality and causes of death.
Materials and Methods

Study design and setting
A nationwide retrospective cohort study design was utilized. All HIV-infected adults (age ‡ 18 years) diagnosed in Georgia from the start of the epidemic in 1989 through 2012 were included. The Infectious Diseases, AIDS and Clinical Immunology Research Center (National AIDS Center) located in Tbilisi, Georgia has coordinated the National HIV/ AIDS Treatment and Care Program since its inception. The National AIDS Center was the sole provider of HIV clinical care services in Georgia until 2006 when three affiliated regional HIV clinics opened. All individuals with confirmed HIV diagnoses are first seen at the National AIDS Center, after which they have the option to continue clinical care at the National Center or transfer care to a regional facility.
For the majority of the study period ART was recommended for patients with a CD4 count < 200 cells/mm 3 or an AIDS-defining illness. In 2012, Georgia completed a phased implementation of the 2010 WHO guidelines changing ART initiation recommendations to all patients with a CD4 count < 350 cells/mm 3 . Antiretroviral drugs are dispensed at the National AIDS Center and affiliated regional centers on a monthly basis. All HIV-related medical services are provided free of charge. The services provided to patients have been expanding over time and currently, in addition to ART, include out-patient and in-patient care for HIV-associated conditions, laboratory monitoring (including CD4 count, viral load, HIV drug resistance for those failing on ART), prevention, and treatment of opportunistic infections.
A strong referral pathway between the HIV/AIDS and other health services, particularly with closely related fields such as drug abuse and tuberculosis (TB), ensures effective navigation of patients within the Georgian healthcare system. Collaborative TB/HIV activities include symptom screening of all HIV patients for TB at dedicated AIDS facilities, followed by culture confirmation of suspected cases in dedicated TB facilities and, if confirmed, TB drug sensitivity testing to select an appropriate treatment regimen.
To enhance linkage to and retention in clinical care, the National AIDS Center utilizes patient education, counseling, adherence monitoring and support, as well as active case followup through phone contact and/or outreach. Patient contact information is regularly updated and is used to contact patients or close contacts when needed in an effort to minimize noncompliance with clinic visits and loss to follow-up.
Data collection
The study used regularly collected data from the national HIV/AIDS database. The National AIDS Center has maintained and operated a national HIV/AIDS database since the first case of HIV was reported in Georgia in 1989. The database is a secure web-based system, allowing for real-time data entry for all HIV-infected patients at all clinical sites. Demographic, epidemiologic, clinical, and laboratory data are collected for each patient. Some of the specific information collected and used in the study included date of HIV diagnosis, age, sex, presumed mode of HIV transmission, CD4 cell counts, AIDS-defining illnesses, use of ART, and date of death. Quality control mechanisms including data consistency and missing value checks, as well as verification of entered data against source documents, are performed routinely by the database management team to ensure the accuracy of collected data.
Causes of death
Data from medical records were abstracted by researchers to classify causes of death according to the Coding of Death in HIV (CoDe) protocol. 9, 10 Results of the CoDe classification were compared to causes of death documented in medical records. The physician is responsible for assigning the underlying cause of death according to the International Classification of Diseases, 10th revision. 11 If no information is available on the circumstances of death, verbal autopsies of family members or other reliable informants are performed using WHO recommended methodology 12 to ascertain the cause of death. In the case of a discrepancy between the CoDe and medical record, a panel of three reviewers (primary clinician, research clinician, and independent clinician) was assembled to reach a consensus on the primary cause of death. If this could not be achieved the case was classified by majority vote or the case was classified unknown/unclassifiable if the decision of panelists diverged.
Deaths were attributed to AIDS-defining illnesses based on the 1993 CDC classification system. 13 In addition, deaths due to visceral leishmaniasis, Hodgkin's lymphoma, and nonHodgkin's lymphoma of all cell types were classified as AIDS related in accordance with the CoDe protocol. If the cause of death was unable to be classified, but the patient experienced an AIDS-defining illness or had a CD4 count < 200 cells/mm 3 within 6 months prior to death, the death was classified as AIDS related. All remaining deaths were classified either as non-AIDS-related causes per CoDe protocol or unknown if information on death was insufficient.
Statistical analysis
All statistical analyses were performed using SAS v9.2 (SAS Institute Inc., Cary, NC). Individuals were included starting from the date of HIV diagnosis and were followed until death or December 31, 2012 or 12 months after their last contact with the HIV care system (clinical visit or case follow-up contact), whichever occurred first. Patients were considered lost to follow-up if their status could not be ascertained by available medical and case follow-up records 12 months after their last documented contact with the system. ART was defined as a combination of at least three antiretroviral drugs prescribed solely for the treatment of HIV disease. Patients were defined as having AIDS at baseline if they had an AIDS-defining illness or CD4 count < 200 cells/mm 3 at entry into clinical care.
Mortality rates were calculated for the total follow-up period and for each calendar year as number of events divided by the number of total person-years (PY) of follow-up contributed to that calendar year. Factors associated with mortality were assessed in Cox proportional hazards regression analysis. The effect of widespread availability of ART on patterns of mortality was assessed by categorizing time periods into ''preuniversal access era' ' (1989-2004) and ''universal access era '' (2005-2012) . Comparisons were tested using Pearson's chi-square or Fisher's exact test as appropriate. All tests were two sided at a significance level of 0.05.
Ethical approval
The study was approved by the institutional review board (IRB) of the IDACIRC, which granted a waiver for patient consent/authorization. Only deidentified data were used in statistical analyses.
Results
Mortality rates and associated factors
A total of 3,554 HIV-positive adults were registered in Georgia from 1989 through 2012 contributing to 13,572 PY of follow-up. The median follow-up was 2.8 years [interquartile range (IQR): 0.9-5.8]. At the end of 2012, 2,378 (66.9%) patients were known to be alive based on clinical and case follow-up records, 779 (21.9%) patients died, and the status could not be ascertained for 397 (11.2%) patients.
Of the 3,554 registered patients 2,611 (73.5%) were men and the median age at HIV diagnosis was 36 years (IQR: [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] 3 or the presence of an AIDS-defining illness. Almost half (n = 1,680, 47.3%) of the patients had antibodies against hepatitis C virus (HCV) and 221 (6.2%) patients had hepatitis B surface antigen (HBsAg). Information on the stage of liver disease was not available. A small majority of (n = 1,877, 52.8%) patients ever received ART.
Temporal comparison of baseline characteristics showed that patients diagnosed in the preuniversal access era (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) were younger (median 33 years vs. 37 years, p < 0.0001), more likely to be male (82.3% vs. 71.6%, p < 0.0001), and IDU (68.5% vs. 51.9%, p < 0.0001) compared to those diagnosed in the universal access era (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . The proportion of patients with baseline AIDS increased from 36.8% in the preuniversal access era to 50.7% in the universal access era ( p < 0.0001). There was also a significant increase in the proportion of patients receiving ART (42.5% vs. 55.1%, p < 0.0001). Notably, of 268 patients who (Fig. 1) . There was more than a 3-fold decrease in AIDS-related mortality from 6.49 deaths per 100 PY (95% CI: 4.34-9.32) in 2004 to 2.05 deaths per 100 PY (95% CI: 1.53-2.68) in 2012 ( p < 0.0001). Death due to unknown causes also significantly decreased over this period ( p = 0.001), while deaths due to non-AIDS causes remained stable (Fig. 2) .
In multivariate Cox regression analysis baseline diagnosis of AIDS [hazard ratio (HR): 5.69, 95% CI: 4.72-6.85] was the strongest predictor of mortality. Increasing age, a history of IDU, and receiving an HIV diagnosis before universal access to ART were also significantly associated with death ( Table 1) .
Causes of death
AIDS-related diseases accounted for the majority of deaths (n = 426, 54.7%). End-stage liver disease due to chronic viral hepatitis (n = 118, 15.1%, including 111 cases due to HCV infection) and non-AIDS-related malignancies (n = 40, 5.1%) were the most frequent non-AIDS-related causes of death. Overall, TB was the leading cause of death accounting for 21% of total cases of death. In 92 (11.8%) cases the cause of death was unclassifiable or unknown (Table 2) .
Of 426 AIDS-related deaths, the majority were from AIDS-related opportunistic infections including 166 (39.0%) due to TB, 46 (10.8%) from Pneumocystis jiroveci pneumonia (PCP), 35 (8.2%) from cryptococcal meningitis, and 32 (7.5%) from cerebral toxoplasmosis. There was also a significant number of deaths secondary to AIDSrelated malignancies (n = 40, 9.4%) and wasting syndrome (n = 27, 6.3%). In 41 cases (9.6%) death was classified as AIDS related based on a history of AIDS-defining illness or CD4 count < 200 cells/mm 3 within 6 months prior to death.
There were temporal changes in causes of death. The proportion of patients who died from an AIDS-related illness decreased significantly in the universal access era (52.7% vs. 64.2%, p < 0.02). There was a corresponding increase in the proportion of deaths attributable to non-AIDS conditions in the universal versus preuniversal access era (36.7% vs. 17.9%, p < 0.0001) as well as a decrease in the proportion of unknown causes of death (10.5% vs. 17.9%, p < 0.02). TB was the leading cause of death in both periods. There was a statistically significant decrease in the proportion of deaths attributable to PCP and AIDS-related malignancies in the universal access era, while deaths due to end-stage 
FIG. 3.
Comparison of causes of death before and after universal access to antiretroviral therapy (ART).
liver disease and non-AIDS-related malignancies increased significantly (Fig. 3) .
Discussion
In this study we report on the causes of and risk factors for death among all reported HIV-infected adults in the country of Georgia since the beginning of the HIV epidemic. We found a significant and progressive decrease in mortality after antiretroviral drugs became universally available in 2004. The mortality rate in 2004 was 10.74 deaths per 100 PY compared to 4.02 per 100 PY reported in 2012 ( p < 0.0001). Additionally, while we found an increasing rate of non-AIDS-related death, TB continues to be the number one cause of death (21%). Georgia remains the only country in the region that has achieved and sustained universal access to ART, 8 and our results are a testament to these benefits. To achieve further decreases in mortality earlier HIV diagnosis and improved TB prevention are needed.
Despite the reduction in death we found among HIVinfected patients in Georgia, mortality rates remain significantly higher than those reported from industrialized countries.
14-17 A recent EuroSIDA report found that mortality among HIV-infected patients in Eastern Europe (composed of countries from the former Soviet Union) was significantly higher than in Western Europe and Argentina. 16 The regional difference in the rate of mortality most likely stems from differences in health systems and infrastructure as well as patient characteristics (higher rates of coinfections with viral hepatitis and TB and higher rates of late diagnosis in Georgia). 16, 18 It is also worth noting that within the same EuroSIDA report, the mortality rate in Eastern Europe over the period of 2002-2011 was less than 2.5 deaths per 100 PY of follow-up, which is substantially lower than total mortality of 5.74/100 PY reported in our study and the lowest reported mortality of 4.02/100 PY in 2012. This may be due to the fact that EuroSIDA collects data from selected clinical sites, most of which are affiliated with academic institutions, and these sites and the care they provide may not be representative of countrywide data. Thus the EuroSIDA study results may be an underestimation of mortality in the region. 19 Our analysis provides a more accurate description of the situation at a national level in the region.
Our results highlight the problem of late HIV diagnosis and its association with a high mortality rate. Overall, 48% of patients already had AIDS at the time of HIV diagnosis and 51% of deaths occurred within the first 6 months after entering care. Similar to previous reports, 20, 21 late diagnosis in this study was the strongest predictor of death (HR 5.69, 95% CI: 4.72-6.85). This finding emphasizes the urgent need for expanding HIV testing efforts in the country in order to diagnose patients before they develop AIDS.
More than half of the patients in our cohort were IDUs, and similar to other reports we found IDU to be a risk factor for death (HR 1.47, 95% CI 1.20-1.80). 22, 23 There are data, however, suggesting that equal access to care may reduce this disparity. For example, researchers from British Columbia found no difference in rates of survival among HIV-infected IDUs and non-IDUs who were started on ART. 24 It has also been stated that physicians often defer ART from IDUs because of adherence concerns. 25 In Georgia all person have equal access to ART. According to a 2012 country report for the UN Global AIDS Response Progress Reporting, 98% of IDUs with a CD4 count < 200 were receiving ART in Georgia. 26 In this analysis 52% of IDUs and 53% of nonIDUs were initiating ART ( p = 0.18). Thus the higher mortality among IDUs in our cohort did not result from issues of ART access, but rather from presenting with more advanced disease than non-IDUs. Taking into account the very low HIV testing coverage of this population, 27 it is not surprising that more IDUs were diagnosed late than non-IDUs (55% vs. 40%, p < 0.0001). In addition, TB was much more common among persons who had a history of drug abuse (27.9% vs. 13.5%, p < 0.0001) and IDUs were more likely to be coinfected with HCV (68.6% vs. 21.4%, p < 0.0001). Other unmeasured confounders, such as sociobehavioral risk factors, could also account for the differences in mortality among IDUs and non-IDUs seen in our study.
The findings of our study are in agreement with reports from high-and middle-income countries that demonstrated a decrease in AIDS-related mortality and an increase in non-AIDS-related causes of death. [28] [29] [30] [31] [32] Similar to these reports we found a significant increase in deaths due to liver diseases, largely due to HCV infection. Recently Georgia initiated a free HCV treatment program with pegylated interferon and ribavirin for HIV/HCV-coinfected patients. It is essential to maintain this free program and also to make new directacting antivirals available for HIV patients to achieve the dramatic reduction in liver-related mortality. Analysis also showed a significant increase in deaths due to non-AIDSrelated malignancies in the universal access era. Although not statistically significant, there was nearly a 5-fold increase in the proportion of deaths due to cardiovascular diseases. These findings emphasize the importance of fostering a multidisciplinary approach to HIV disease management. Deaths due to unknown causes have been decreasing progressively, which is likely due to the strengthened capacity of the national HIV/AIDS treatment and care program, including better diagnostic capabilities, improved data management systems, and case follow-up resources.
Temporal comparisons showed a significant reduction in AIDS-related mortality due to PCP and AIDS-related malignancies, but overall more than half of the cases of death in the universal access era were attributable to AIDS. With regard to this, the persistently high mortality from TB is of particular concern. TB accounted for 21% of total deaths reported among HIV patients in Georgia and continued to be the leading cause of death despite the universal availability of free treatment for both HIV and TB.
Our study provides further evidence of the dramatic effect of TB on HIV disease outcomes in the Eastern European region. A recent systematic assessment showed that the Eastern European region has the second highest TB death rate among HIV-positive persons. 33 Multinational comparison of outcomes of TB/HIV coinfection showed a 5-fold increased risk of death among patients from Eastern Europe compared to those living in Western Europe. 34 This high TB/HIV mortality rate in Eastern Europe is likely related to delayed TB and HIV diagnosis and high rates of multidrug resistant (MDR) TB in the region. For instance, 14 of 15 former Soviet Union republics, including Georgia, are among the world's 27 high burden MDR TB countries. 35 In Georgia 11% of new and 32% of treated TB cases had MDR TB, which along with delays in TB and HIV diagnosis substantially contributed to 564 CHKHARTISHVILI ET AL.
increased mortality. 35, 36 Our analysis emphasizes that the poor HIV/TB outcomes in Georgia require an urgent health system-wide response.
The major limitation of our study is the possible underascertainment of mortality among patients lost to follow-up. Despite the effective mechanisms to retain patients in care and find those lost to follow-up, the status could not be ascertained in 11% of patients. A recent systematic analysis of primarily African studies showed that the proportion of patients who died among those lost to follow-up may range between 9% and 50%. 37 It was also shown that reported deaths only for patients remaining in care underestimates mortality on a population level. 38 Thus it is valid to assume that some patients lost to follow-up in our study could have died, which has not been accounted for in the analysis, thus resulting in an underestimation of mortality. Overall, the proportion of lost to follow-up in the Georgian HIV program is at least similar to or in many cases is lower than that reported elsewhere. 19, 39 Another limitation of the study is the fact that of total deaths 92 (11.6%) could not be classified because of lack of information and a further 41 (5.3%) cases were categorized as AIDS related based on a history of an AIDS-defining illness or CD4 count < 200 cells/mm 3 within 6 months prior to death. Despite this important limitation our analysis provides a comprehensive population-level picture of patterns of mortality in Georgia.
In summary, universal access to ART significantly decreased mortality among HIV patients in Georgia. However, AIDS remains the leading cause of death, largely resulting from a late HIV diagnosis. Sustaining universal access to ART plus earlier HIV diagnosis and ART initiation can bring even greater benefits in terms of preventing premature mortality and preventing new HIV and TB infections. 40 
